Introduction {#sec1-1}
============

Squamous cell carcinoma of the head and neck (SCCHN) accounts for a significant portion of the oncology burden in India.\[[@ref1][@ref2]\] Cigarette-smoking and alcohol consumption are the main factors for SCCHN in the Western population,\[[@ref3]\] whereas the use of tobacco chewing, Areca nut and Epstein--Barr virus being a common cause of SCCHN in Southeast Asian population.\[[@ref1][@ref2]\] The majority of the patients with SCCHN in India presents an advanced stage and pose a challenge for treatment.\[[@ref4][@ref5]\] Advanced Stage (III or IV) often requires multimodal therapy, consisting of a combination of surgery, radiotherapy (RT), and/or chemotherapy.\[[@ref6]\]

Concurrent chemoradiotherapy (CRT) is the standard of care in patients with locally advanced SCCHN (LA-SCCHN) who are considered for nonsurgical approach. Concurrent cisplatin-based CRT has demonstrated the best outcome, and survival benefits in unresectable, LA-SCCHN in combined treatment strategies, but are associated with increased risk of toxicity and the 5-year survival being limited to \<50%.\[[@ref7]\]

Thus, the quest for balancing the clinical outcomes and toxicity without compromising the survival benefits led to molecular biological targets for alternative therapy approaches. Expression of the epidermal growth factor receptor (EGFR) is detected in more than 90% of all cases of SCCHN and has been correlated with decreased survival rates, resistance to RT, chemotherapy treatment failure, and increased rates of distant metastases.\[[@ref8]\]

Thus, molecular-targeted therapies focusing on EGFR have attracted attention as a potential molecule for the treatment of head and neck cancers.

EGFR-targeted monoclonal antibodies (anti-EGFR Mab), cetuximab, and nimotuzumab are approved to be used in combination with chemotherapy/RT, and these molecules have shown promising results with improvement in progression-free survival (PFS) and overall survival (OS) in SCCHN.\[[@ref9]\] Based on the evidence that anti-EGFR MAbs also sensitized the tumors to radiation\[[@ref10][@ref11][@ref12]\] or cisplatin,\[[@ref13][@ref14]\] they have been explored as add-on therapy with concurrent CRT in SCCHN.

Cetuximab is a chimeric human/murine anti-EGFR MAb. Pfister *et al*., in phase two trials reported likely clinical outcome and survival benefit with cetuximab plus CRT in LA-SCCHN. However, due to drug-related toxicities, serious adverse events and deaths led to early closure of the study.\[[@ref15]\] However, RTOG 0522 (phase three) trial, at a median follow-up time of 3.8 years failed to demonstrate a survival benefit with the combination of cetuximab and chemoradiation over the standard chemoradiation and was also associated with more treatment-related grade five adverse events, frequent interruptions in radiation therapy and 10% increase in grade three and four dermatitis and mucositis.\[[@ref16]\]

On the other hand, nimotuzumab (BIOMAb EGFR^®^) is a humanized anti-EGFR MAb that binds to the extracellular domain of the EGFR with intermediate affinity and high specificity. Reddy *et al*., in Phase IIb (BEST) trial among the Indian population with inoperable, LA-SCCHN also reported higher and statistically significant tumor response rate, 5-year PFS and 5-year OS in nimotuzumab + CRT arm than in the CRT arm. The risk of death was 64% lower with CRT + nimotuzumab than with CRT. The addition of nimotuzumab was well tolerated with few mild-to-moderate self-limiting adverse events. The trial demonstrated that concurrent use of nimotuzumab with CRT was safe and provided with a long-term survival benefit in inoperable, LA-SCCHN.\[[@ref17]\]

However, clinical studies to substantiate these findings are few and limited in India.\[[@ref18][@ref19][@ref20]\] Therefore, we retrospectively investigated the efficacy and safety of nimotuzumab in combination with concurrent chemoradiation for unresectable, LA-SCCHN.

Subjects and Methods {#sec1-2}
====================

We retrospectively evaluated the safety and efficacy of nimotuzumab with concurrent CRT in unresectable, locally advanced head and neck carcinoma (HNC) after obtaining approval from the institutional review board. The hospital records of LA-SCCHN patients were reviewed who received nimotuzumab with concurrent CRT from 2012 to December 2016 at a Government Hospital in Jabalpur (India).

We selected cases based on the following inclusion criteria (a) histologically confirmed SCCHN; (b) with disease classified as Stage III-- IVb; (c) patients of age 18 years and above; (d) Eastern cooperative oncology group (ECOG) performance score ≤2; (e) cisplatin-based concurrent chemotherapy; (f) radiation therapy with total dose \>50 Gy, up to 70 Gy; and (h) Treated with nimotuzumab 200 mg weekly. We excluded the following cases (a) Non-HNC; (b) recurrent/metastatic HNC; (c) salivary gland cancer; (d) paranasal sinus cancer; (e) nasopharyngeal cancer; (f) undergone prior surgery; and (h) prior treated with other anti-EGFR based therapy.

The information was collected from the hospital records of individual patients. Clinical data of patients were collected, including diagnosis, age, gender, pathological type, tumor stage, tumor grade, and ECOG score, investigations, clinical course, with details of concurrent chemotherapy, RT, and nimotuzumab therapy.

Evaluating parameters {#sec2-1}
---------------------

The antitumor response was evaluated after 24 weeks of treatment, according to response evaluation criteria in solid tumors (RECIST 1.1) and included criteria complete remission (CR), partial remission (PR), stable disease (SD), and progression disease. The objective response rate (ORR) = (CR + PR) × 100% was calculated. OS was defined as the time from the date of diagnosis to the date of death because of any causes or the last follow-up/last contact (visit and telephone). PFS was defined as the time from the date of diagnosis until the date of the tumor progression or death. An association of tumor response with various independent factors (age, gender, histopathological grades, and tumor-node-metastasis \[TNM\] stages) was further analyzed. All patients were assessed for toxicity, and adverse events were reported as per common terminology criteria for adverse events v 4.0

Statistical analysis {#sec2-2}
--------------------

Statistical analysis was performed using SPSS software (version 19.0, IBM corp., Armonk, New York, US). Data were expressed in descriptive statistics. Median OS and PFS along with 95% confidence interval (CI) was estimated by the Kaplan--Meier curve. An association between the variables was estimated by Chi-square test and Fisher\'s exact probability test, as appropriate. *P* \< 0.05 was considered statistically significant.

Results {#sec1-3}
=======

A total of 42 patients with locally advanced (Stage III-IVb) HNC treated with nimotuzumab with concurrent chemoradiation were identified. Of these, three patients who had undergone prior surgery were excluded, and the final analysis was done in 39 patients.

General characteristics {#sec2-3}
-----------------------

The mean age of the patients was 57.7 ± years, with majority 30 (76.9%) being males and 9 (23.1%) females. Patients with age below 65 years were 31 (79.5%) and age ≥65 years were 8 (20.5%). Majority of the patients had Stage III disease (79.4), and the most commonly treated site of cancer was oral cavity (61.5%), followed by oropharynx (30.8%) and larynx (7.7%) \[[Table 1](#T1){ref-type="table"}\]

###### 

Characteristics and analysis of factors associated with tumour response rate

  Parameters             Number of patients (%)   CR (%)       PR (%)       SD (%)     *P*
  ---------------------- ------------------------ ------------ ------------ ---------- --------
  Gender                                                                               
   Female                9 (23.07)                4 (44.44)    5 (55.56)    0          0.174
   Male                  30 (76.92)               22 (73.33)   7 (23.33)    1 (3.33)   
  Age (years)                                                                          
   \<65                  31 (79.49)               20 (64.52)   10 (32.26)   1 (3.23)   1
   ≥65                   8 (20.51)                6 (75)       2 (25)       0          
  Anatomical subsites                                                                  
   Larynx                3 (7.69)                 3 (100)      0            0          0.0544
   Oral cavity           24 (61.54)               12 (12)      11 (45.83)   1 (4.17)   
   Oropharynx            12 (30.77)               11 (91.67)   1 (8.33)     0          
  Histopathology grade                                                                 
   1                     4 (10.26)                2 (50)       2 (50)       0          0.6509
   2                     16 (41.03)               10 (62.5)    6 (37.5)     0          
   3                     17 (43.59)               12 (70.59)   4 (23.53)    1 (5.88)   
  TNM stage                                                                            
   Stage III             31                       19           11           1 (3.23)   0.5178
   Stage IV              8                        7            1            0          
  Total                  39 (100)                 26 (66.67)   12 (30.77)              

CR=Complete remission, PR=Partial remission, SD=Stable disease, TNM=Tumor node metastasis

Efficacy {#sec2-4}
--------

Antitumor response: At 24 weeks (6 months) after the treatment, 26 (66.7%) patients had attained complete response (CR) and 12 (30.7%) patients had achieved partial response (PR), whereas 1 (2.6%) patient showed SD, respectively. The objective response rate (CR + PR) achieved was 97.4% \[[Table 1](#T1){ref-type="table"}\].

Survival outcome {#sec2-5}
----------------

The 1 and 2-year OS rates achieved with nimotuzumab and concurrent chemoradiation were 100% and 72.9% \[[Figure 1](#F1){ref-type="fig"}\], while the 1 and 2-year PFS rates were 87% and 54.40%, respectively \[[Figure 2](#F2){ref-type="fig"}\]. The median OS and PFS were not reached (NR).

![Overall survival of locally advanced squamous cell carcinoma of head and neck patients who received nimotuzumab with concurrent chemoradiotherapy](SAJC-8-52-g001){#F1}

![Progression-free survival of locally advanced squamous cell carcinoma of head and neck patients who received nimotuzumab with concurrent chemoradiotherapy](SAJC-8-52-g002){#F2}

Association of tumor response with independent factors {#sec2-6}
------------------------------------------------------

Subgroup analysis did not show a significant association of tumor response with various subgroups, though patients with age ≥65 years, male gender, laryngeal cancer, tumor Grade III, and TNM Stage III had a higher frequency of CR \[[Table 1](#T1){ref-type="table"}\].

Safety and toxicity {#sec2-7}
-------------------

The most common adverse events encountered during treatment were mucositis (33.64%), followed by skin reaction (24.55%), neutropenia (20.91%), vomiting (18.18%), and diarrhea (2.73%). The detailed toxicity and their grades of the combination therapy are summarized in [Table 2](#T2){ref-type="table"}. Nimotuzumab was observed to be safe with no additional adverse events (hypersensitivity, allergic reactions, and skin changes) reported during the study.

###### 

Common adverse events encountered during the treatment

  Adverse events   Grade 1 (%)   Grade 2 (%)   Grade 3 (%)   Grade 4 (%)   Total (%)
  ---------------- ------------- ------------- ------------- ------------- ------------
  Neutropenia      17 (15.45)    6 (5.45)      0             0             23 (20.91)
  Mucositis        0             7 (6.36)      23 (20.91)    7 (6.36)      37 (33.64)
  Vomiting         15 (13.64)    3 (2.73)      2 (1.82)      0             20 (18.18)
  Diarrhea         1 (0.91)      1 (0.91)      1 (0.91)      0             3 (2.73)
  Skin reaction    0             3 (2.73)      20 (18.18)    4 (3.64)      27 (24.55)
  Total            33 (30)       20 (18.18)    46 (41.82)    11 (10)       110 (100)

Discussion {#sec1-4}
==========

The findings of the present retrospective study indicate that the addition of nimotuzumab to concurrent CRT contributes to improve the therapeutic and survival outcome in patients with unresectable LA-SCCHN.

Treatment of patients with locally, unresectable advanced HNCs remains a challenge despite concurrent CRT as the standard of care therapy.

EGFR represents a promising new molecular target in head and neck cancer. The overexpression of the EGFR is closely related to tumor cell growth, proliferation, invasion, metastasis, apoptosis, and poor prognosis of the disease. Inhibiting EGFR pathway can inhibit tumor cell proliferation, differentiation, tumor angiogenesis, and promote treatment response of chemotherapy and radiation.\[[@ref21]\]

Several clinical trials have evaluated the role of Anti-EGFR Mabs in combination with concurrent CRT to improve the therapeutic and survival outcomes in LA-SCCHN.\[[@ref15][@ref16][@ref17][@ref22]\] Cetuximab in the early phase trial by Pfister *et al*. documented beneficial therapeutic and survival outcomes with a combination of chemoradiation over the standard chemoradiation in the advanced setting, but was limited by serious treatment toxicities, therefore, closed prematurely.\[[@ref15]\] Based on the beneficial therapeutic and survival achieved in early phase trial, a Phase III RTOG 0522 trial was initiated. However, the combination of cetuximab with chemoradiation failed to demonstrate a survival benefit over the standard chemoradiation and was associated with more toxicity.\[[@ref16]\] Similarly, other anti-EGFR Mab (panitumumab) did not show any significant beneficial outcome when combined with chemoradiation\[[@ref22]\] with the exception of nimotuzumab based on the BEST trial,\[[@ref17]\] though with limited data.

Nimotuzumab (BIOMAb EGFR^®^) is a humanized anti-EGFR MAb that binds to the extracellular domain of the EGFR with intermediate affinity and high specificity. This results in the blockade of receptor-dependent signal transduction pathways and provides an antitumor response.\[[@ref23]\] Nimotuzumab also enhances the tumor radio-sensitivity by inhibiting the radiation-induced activation of DNA-PKcs by blocking the PI3K/AKT pathway.\[[@ref10]\] Thus, exerting dual mode of action.

The advantage of nimotuzumab over other anti-EGFR antibodies are its benign adverse effect profile (does not cause severe skin toxicity or hypomagnesemia or gastrointestinal adverse events). The benign safety profile can be attributed to the fact that unlike other anti-EGFR antibodies, nimotuzumab requires bivalent binding for stable attachment, leading to selective binding to cells expressing moderate to high EGFR levels. When EGFR density is low, such as in normal tissues, monovalent interaction of nimotuzumab is transient, thus sparing healthy tissues and avoiding severe toxicities.\[[@ref24]\] This explains nimotuzumab minimal treatment-related toxicities in clinical studies while demonstrating similar or superior antitumor effects as compared to other anti-EGFR Mabs.

In the present study, we found that the combination of Nimotuzumab with concurrent CRT resulted in clinical meritorious outcomes; the CR. PR, SD, and ORR at 24 weeks (6 months) after treatment were 66.7%, 30.7%, 2.6%, and 97.4%, respectively. The survival benefit achieved with the combination at 1 and 2-year were 100% and 72.9% while the 1 and 2-year PFS rates were 87% and 54.40%, respectively. The median OS and PFS were NR in this study. These findings are similar and in agreement with the BEST trial and several individual clinical studies.\[[@ref17][@ref18][@ref19][@ref20]\]

The BEST trial was a multicenter, randomized, open-label, Phase IIb, 5-year study, the first of its kind cohort conducted among the Indian population.\[[@ref17]\] The study evaluated the safety and efficacy of nimotuzumab, administered along with CRT or RT in patients with inoperable, LA-SCCHN by assessing the short-term response (6 months) and 5-year survival. The study documented that ORR was significantly higher in the CRT + nimotuzumab arm than in the CRT arm (100% vs. 70%, *P* = 0.020) at 6-month posttreatment. The 5-year PFS was significantly higher in the CRT + nimotuzumab arm than in the CRT arm (48% vs. 26%, *P* = 0.03). The median 5-year PFS was 54.24 months in the CRT + nimotuzumab arm and was significantly higher than the 14.95 months observed in the CRT arm (*P* = 0.036). Furthermore, the 5-year OS was significantly higher in the CRT + nimotuzumab arm than in the CRT arm (57% vs. 26%, *P* = 0.03). The median 5-year OS was NR in the CRT + nimotuzumab arm at 60 months, whereas it was 21.94 months in the CRT arm (*P* = 0.0078); the addition of nimotuzumab to CRT caused a 64% reduction in death risk (hazard ratio = 0.36, 95% CI: 0.37, 1.56). Nimotuzumab was found to be safe and well tolerated with few mild to moderate self-limiting adverse events. There were no significant differences in the hematological, biochemical, and urine analysis findings of patients in all study arms. No long-term drug-related toxicity was seen during the median follow-up of 65.7 months.\[[@ref17]\] These findings strongly favored nimotuzumab as add-on therapy to standard of care of CRT.

A preliminary results of a clinical study by Bhatnagar and Singh of 56 patients with LA HNSCC who were randomized to CRT with or without nimotuzumab demonstrated significantly higher ORR with nimotuzumab + CRT with versus CRT alone (96% vs. 72%; *P* = 0.02). Nimotuzumab did not potentiate toxicities of CRT, and there was no significant difference in the acute radiation mucositis, dermatitis, or hematological toxicities in both the groups (*P* \> 0.05), suggesting nimotuzumab can be safely added to standard CRT.\[[@ref18]\] Similarly, Somani in an open-label, single arm clinical study of nimotuzumab with concurrent CRT in 57 patients with inoperable LASCCHN (stages III and IV) demonstrated better response rate with an ORR of 80.7% at 6-month posttreatment. However, the study did not capture the survival outcomes which limited the survival benefit offered by the combination. Mucositis (33%) was the most common encountered adverse event. No Grade III or IV adverse events were reported. Nimotuzumab did not exacerbate adverse events associated with concurrent CRT.\[[@ref19]\] Similarly, Kumar and Mishra in a pilot study on 11 patients with Stage III and IV advance SCCHN demonstrated that combining nimotuzumab with concurrent chemoradiation, an ORR of 81% was achieved after 6 months' posttreatment in advanced SCCHN with acceptable toxicity.\[[@ref20]\]

In the present study, the incidence of Grade I, II, III, and IV toxicity with the combination were 30%, 18.18%, 41.82%, and 10% respectively. No Grade V toxicity was observed. Common adverse events observed were mucositis, neutropenia, vomiting, diarrhea, and skin reaction which are similar to previous studies.\[[@ref17][@ref18][@ref19][@ref20]\] Nimotuzumab was observed to be safe with no additional adverse events (hypersensitivity, allergic reactions, and skin changes) reported during the study.

In summary, our results support and suggest that addition of nimotuzumab with concurrent CRT improves the tumor response rate and survival with minimal toxicities in patients with unresectable LA-SCCHN.

The study had a few limitations, first, retrospective design with a single arm assessment. Second, the retrospective data were collected from a single hospital setup and had a moderate sample size.

Conclusions {#sec1-5}
===========

Nimotuzumab can be safely added to the concurrent CRT treatment for locally advanced unresectable SCCHN, to achieve better therapeutic response and improved survival outcomes without potentiating toxicity. Single-centered real-world evidence is consistent with the results shown in the previous randomized controlled trial.
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